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Description

BACKGROUND

1. Field

[0001] The following description relates to an appara-
tus and method for measuring biosignals.

2. Description of Related Art

[0002] Various medical systems are typically used and
various medical tests are typically performed for conduct-
ing a medical diagnosis of a patient. It is often very im-
portant to measure electrical biosignals of a patient, in-
cluding an electrocardiogram (ECG), a brain wave or
electroencephalogram (EEG), an electromyogram
(EMG), and the like. The measurement of biosignals gen-
erally provides greater convenience to a patient during
a medical diagnostic process and quicker results of the
medical diagnosis. Since biosignals have characteristics
of electrical signals, accurately measuring such biosig-
nals without artifacts is important.

SUMMARY

[0003] In one general aspect, there is provided an ap-
paratus for measuring a biosignal that may include a mo-
tion artifact, the apparatus including: a measuring module
configured to measure the biosignal; an obtaining module
configured to obtain a replication signal; and a control
module configured to generate a control signal, based
on the replication signal, for controlling processing of the
biosignal.
[0004] The obtaining module may be further config-
ured to measure a change in impedance between elec-
trodes used by the measuring module in measuring the
biosignal, or a change in a half cell potential to obtain the
replication signal, wherein the replication signal corre-
sponds to the motion artifact.
[0005] The control module may be further configured
to determine whether the biosignal is to be processed
based on a degree of the motion artifact relating to the
replication signal and generate the control signal based
on a result of the determining.
[0006] The control module may include an indexing
unit configured to index a value based on a degree of the
motion artifact relating to the replication signal; a deter-
mining unit configured to compare the indexed value to
a threshold value; and a generating unit configured to
generate the control signal based on a result of the de-
termining.
[0007] The indexed value may be a distribution of the
replication signal, a root mean square of the replication
signal, or an average magnitude of the replication signal
during a predetermined time period.
[0008] The apparatus may further include a signal
processing module configured to process the biosignal

based on the control signal by filtering the biosignal for
reducing the motion artifact.
[0009] The apparatus may further include a signal
processing module configured to process the biosignal
by filtering the biosignal using the replication signal, or
not process the biosignal, based on the control signal.
[0010] By controlling the signal processing module to
omit the signal processing for removing the motion arti-
fact when the motion artifact is absent, the measuring
apparatus is able to reduce power consumption. That is,
the measuring apparatus is able to selectively perform
signal processing, such as filtering using an adaptive fil-
ter, when the motion artifact is determined to exist.
[0011] In another general aspect, there is provided an
apparatus for measuring a biosignal that may include a
motion artifact, the apparatus including: a measuring
module configured to measure the biosignal; a sensing
module configured to sense a motion of the subject; and
a control module configured to generate a control signal,
based on the sensed motion, for controlling processing
of the biosignal.
[0012] The sensing module may use an inertial sensor
for sensing the motion, the apparatus may further include
a signal processing module configured to process the
biosignal based on the control signal, and the control
module may include a determining unit configured to de-
termine whether the biosignal is to be processed based
on a degree of the motion artifact relating to the sensed
motion, and a generating unit configured to generate the
control signal based on a result of the determining.
[0013] The control signal may be a first control signal,
the generating unit may be a first generating unit, the
apparatus may further include an obtaining module con-
figured to obtain a replication signal that corresponds to
the motion artifact, and the control module may further
include a second generating unit configured to generate
a second control signal, based on a result of the deter-
mining, for operating the obtaining module.
[0014] The control module may further include an in-
dexing unit configured to index a value based on the de-
gree of the motion artifact, and the determining unit may
be configured to compare the indexed value to a thresh-
old value to determine whether the motion artifact is to
be processed.
[0015] The indexed value may be a magnitude or a
root mean square of an average acceleration of the
sensed motion during a predetermined time period.
[0016] In another general aspect, there is provided a
method of measuring a biosignal that may include a mo-
tion artifact, the method including: measuring the biosig-
nal, obtaining a replication signal, and generating a con-
trol signal, based on the replication signal, for controlling
processing of the biosignal.
[0017] The obtaining may include measuring a change
in impedance between electrodes used by the measuring
module in measuring the biosignal, or a change in a half
cell potential to obtain the replication signal, and the rep-
lication signal may be similar to the motion artifact.
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[0018] The generating may include determining wheth-
er the biosignal is to be processed based on a degree of
the motion artifact relating to the replication signal, and
generating the control signal based on a result of the
determining.
[0019] The generating may further include indexing a
value based on a degree of the motion artifact relating
to the replication signal, comparing the indexed value to
a threshold value, and generating the control signal
based on a result of the determining.
[0020] The indexed value may be a distribution of the
replication signal, a root mean square of the replication
signal, or an average magnitude of the replication signal
during a predetermined time period.
[0021] The method may further include processing the
biosignal based on the control signal by filtering the bi-
osignal for reducing the motion artifact.
[0022] The method may further include processing the
biosignal by filtering the biosignal using the replication
signal, or not processing the biosignal, based on the con-
trol signal.
[0023] In another general aspect, there is provided a
non-transitory computer-readable storage medium stor-
ing a program for controlling a computer to execute the
method
[0024] In another general aspect, there is provided a
method of measuring a biosignal that may include a mo-
tion artifact, the method including: measuring the biosig-
nal; sensing a motion of the subject; and generating a
control signal, based on the sensed motion, for control-
ling processing of the biosignal.
[0025] The sensing module may use an inertial sensor
for sensing the motion, the method may further include
processing the biosignal based on the control signal, and
the generating may include determining whether the bi-
osignal is to be processed based on a degree of the mo-
tion artifact relating to the sensed motion, and generating
the control signal for controlling processing of the biosig-
nal based on a result of the determining.
[0026] The control signal may be a first control signal,
and the method may further include obtaining a replica-
tion signal that is similar to the motion artifact, and gen-
erating a second control signal, based on a result of the
determining, for obtaining the replication signal.
[0027] The generating may further include indexing a
value based on the degree of the motion artifact, the de-
termining may include comparing the indexed value to a
threshold value to determine whether the motion artifact
is to be processed.
[0028] The indexing may include indexing a magnitude
or a root mean square of an average acceleration ac-
cording to the sensed motion during a predetermined
time period.
[0029] Thus, the replication signal may be obtained on-
ly when the artifact degree of the motion artifact, based
on the motion of the subject, is relatively high.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a block diagram illustrating an example of
an apparatus for measuring a biosignal.
FIG. 2 is a block diagram illustrating an example of
a control module of the measuring apparatus of FIG.
1.
FIG. 3 is a block diagram illustrating another example
of an apparatus for measuring a biosignal.
FIG. 4 is a block diagram illustrating an example of
a control module of the measuring apparatus of FIG.
3.
FIG. 5 is a flowchart illustrating an example of a meth-
od of measuring a biosignal.
FIG. 6 is a flowchart illustrating an example of an
operation of generating a control signal in a method
of measuring a biosignal.
FIG. 7 is a flowchart illustrating another example of
a method of measuring a biosignal.

DETAILED DESCRIPTION

[0031] The following detailed description is provided
to assist the reader in gaining a comprehensive under-
standing of the methods, apparatuses, and/or systems
described herein. However, various changes, modifica-
tions, and equivalents of the systems, apparatuses
and/or methods described herein will be apparent to one
of ordinary skill in the art. Also, descriptions of functions
and constructions that are well known to one of ordinary
skill in the art may be omitted for increased clarity and
conciseness.
[0032] Throughout the drawings and the detailed de-
scription, the same reference numerals refer to the same
elements. The drawings may not be to scale, and the
relative size, proportions, and depiction of elements in
the drawings may be exaggerated for clarity, illustration,
and convenience.
[0033] The features described herein may be embod-
ied in different forms, and are not to be construed as
being limited to the examples described herein. Rather,
the examples described herein have been provided so
that this disclosure will be thorough and complete, and
will convey the full scope of the disclosure to one of or-
dinary skill in the art.
[0034] FIG. 1 illustrates an example of a measuring
apparatus 100 for measuring a biosignal. Referring to
FIG. 1, the measuring apparatus 100 includes a meas-
uring module 110, an obtaining module 130, a control
module 150, and a signal processing module 170.
[0035] The measuring module 110 may measure a bi-
osignal of a subject, for example, an electrocardiogram
(ECG), an electroencephalogram (EEG), an electromy-
ogram (EMG), and the like.
[0036] In an example, the biosignal of the subject may
be measured by a potential difference or voltage between
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a pair of interfaces or electrodes. The biosignal of the
subject may be measured by a potential at a single point
using a single interface or may be measured by a com-
bination of values detected by more than one interface.
[0037] In this example, the measuring module 110 in-
cludes an interface to be in physical contact with a surface
of the subject in order to measure the biosignal of the
subject. Due to the subject moving continuously, or as a
result of the electrode being shifted off a preset meas-
urement point, impedance between the subject and the
electrode may inevitably be changed. Such a change in
the impedance acts as noise or a motion artifact with
respect to a biosignal collected by the measuring module
110. This causes measurement interference or wave-
form distortion with respect to a measuring result.
[0038] Referring to FIG. 1, the measuring module 110
provides the biosignal of the subject, including the motion
artifact, to the signal processing module 170. The obtain-
ing module 130 obtains a replication signal representing
the motion artifact. For example, the obtaining module
130 obtains the replication signal using a scheme of
measuring a change in impedance between electrodes
In another example, the obtaining module 130 obtains
the replication signal using a change in a half cell poten-
tial.
[0039] An example of a method by which the obtaining
module 130 obtains the replication signal using the
scheme of measuring the change in impedance is as
follows. An electrical cardiac signal having a signal com-
ponent in a frequency band ranging from about 0.5 Hz
to 250 Hz may be differentially measured using a first
electrode and a second electrode. Information about a
change in impedance between the first electrode and the
second electrode may be obtained by passing a sine-
wave current through the first electrode and the second
electrode, differentially measuring a voltage formed at
the first electrode and the second electrode, and demod-
ulating the differentially measured voltage into a signal
of 2 kHz. The obtained information replicates a motion
artifact signal included in the ECG signal.
[0040] An example of a method by which the obtaining
module 130 obtains the replication signal using the
scheme of measuring a change in the half cell potential
is as follows. The obtaining module 130 receives the bi-
osignal of the subject from interfaces A and B, being in
contact with the skin of the subject, or from the measuring
module 110. The obtaining module 130 also detects a
dummy signal from dummy interfaces Ad and Bd having
electrical characteristics differing from electrical charac-
teristics of the interfaces A and B. The obtaining module
130 extracts a signal proportional to the motion artifact
from the biosignal of the subject and the dummy signal.
In this instance, the extracted signal proportional to the
artifact is the replication signal.
[0041] In this example, in order to remove the motion
artifact included in the biosignal of the subject, the motion
artifact is traced using the dummy signal detected by the
dummy interfaces Ad and Bd. That is, a change in the

dummy signals detected by the dummy interfaces Ad and
Bd due to the subject’s motion, should correspond to the
change in the signals detected by the interfaces A and
B due to the subject’s motion.
[0042] Accordingly, the interface A and the dummy in-
terface Ad are disposed close to one another and within
a predetermined distance. This allows for an almost iden-
tical external artifact change factor for the interface A and
the dummy interface Ad. For example, the predetermined
distance may be set to 1 cm or 1 mm.
[0043] Similarly, the interface B and the dummy inter-
face Bd are disposed close to one another. In this exam-
ple, the interface A and the interface B are disposed a
distance apart from each other. This distance is sufficient
for detecting the biosignal of the subject, in particular,
the voltage between the interface A and the interface B.
[0044] When the interface A and the dummy interface
Ad are disposed close to each other, motions of elec-
trodes of the interface A and the dummy interface Ad
resulting from the motion of the subject are almost iden-
tical. Accordingly, a change in the electrical characteristic
of the interface A and a change in the electrical charac-
teristic of the dummy interface Ad caused by an external
factor, such as the motion of the subject, have similar
aspects.
[0045] In this example, the obtaining module 130 uses
the similarity in the change of the electrical characteristic
between the interface A and the dummy interface Ad and
the similarity in the change of the electrical characteristic
between the interface B and the dummy interface Bd.
Accordingly, the obtaining module 130 extracts an artifact
signal proportional to the motion artifact included in the
biosignal of the subject using the signals detected by the
interface A, the interface B, the dummy interface Ad, and
the dummy interface Bd.
[0046] For example, the obtaining module 130 extracts
the replication signal using a similarity in a voltage
change between voltage sources in an equivalent circuit
of each of the interface A and the dummy interface Ad
and a similarity in a voltage change between voltages
sources in an equivalent circuit of each of the interface
B and the dummy interface Bd.
[0047] Referring to FIG. 1, the replication signal ob-
tained by the obtaining module 130, which is similar to
the motion artifact, is provided to the control module 150
and the signal processing module 170.
[0048] In this example, the control module 150 gener-
ates a control signal for processing the motion artifact,
based on the degree of the motion artifact as expressed
in the replication signal. The control module 150 deter-
mines whether the biosignal is to be processed, based
on the degree of the motion artifact relating to the repli-
cation signal provided from the obtaining module 130,
and may generate a control signal for processing the bi-
osignal based on a result of the determining.
[0049] For example, the control module 150 indexes a
motion artifact signal using the degree of the motion ar-
tifact relating to the replication signal. When it is deter-
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mined that the indexed motion artifact signal exceeds a
predetermined threshold, the control module 150 gener-
ates a control signal for controlling the signal processing
module 170 to perform signal processing with respect to
the motion artifact. When it is determined that the motion
artifact is absent or the artifact degree is modest since
the indexed motion artifact signal does not exceed the
predetermined threshold, the control module 150 con-
trols the signal processing module 170 to omit the signal
processing task for removing the motion artifact. In this
example, the signal processing module 170 processes
the motion artifact included in the biosignal of the subject,
based on the control signal generated by the control mod-
ule 150. The signal processing module 170 performs fil-
tering for reducing the motion artifact included in the bi-
osignal of the subject based on the control signal.
[0050] For example, the signal processing module 170
reduces the motion artifact included in the biosignal of
the subject using an adaptive filter. An adaptive filter in-
cludes a digital filter capable of adjusting filter coefficients
based on values fed back to the filter. In this example,
the signal processing module 170 removes the motion
artifact from the biosignal by adjusting filter coefficients
based on the replication signal obtained by the obtaining
module 130. The biosignal, corresponding to a voltage
waveform between the interface A and the interface B,
is filtered using the adjusted filter coefficients.
[0051] For example, the signal processing module 170
may perform signal processing, as initiated by the control
signal, by filtering out the motion artifact from the biosig-
nal, When the signal processing module 170 performs
signal processing a result of the signal processing is out-
put by the signal processing module 170. On the other
hand, when the control signal disallows the processing
of the motion artifact, the signal processing module 170
omits the signal processing task.
[0052] By controlling the signal processing module 170
to omit the signal processing for removing the motion
artifact when the motion artifact is absent, the measuring
apparatus 100 is able to reduce power consumption. That
is, the measuring apparatus is able to selectively perform
signal processing, such as filtering using an adaptive fil-
ter, when the motion artifact is determined to exist.
[0053] For example, a difference in power consump-
tion between a case in which the adaptive filter performs
the operation and a case in which the adaptive filter omits
the operation may correspond to 100 mA of required elec-
tric current. In addition, when an ECG sensor as an ex-
ample of the measuring apparatus is worn, a frequency
of occurrence of an inoperative state to an operational
state of the signal processing module 170 may corre-
spond to a ratio of about 9:1. In this example, an average
current consumption for the operation of the adaptive fil-
ter in the signal processing module 170 may be reduced
from 100 mA to 10 mA.
[0054] FIG. 2 illustrates an example of a control module
200 of the measuring apparatus 100 of FIG. 1. Referring
to FIG. 2, the control module 200 includes an indexing

unit 210, a determining unit 230, and a generating unit
250.
[0055] In this example, the indexing unit 210 indexes
an artifact degree of a motion artifact included in a bi-
osignal, based on the replication signal provided by the
obtaining module 130. The indexing unit 210 indexes a
distribution, a root mean square (rms), or an average size
of the replication signal during a predetermined time pe-
riod as the artifact degree. For example, the predeter-
mined period of time may be one second.
[0056] In this example, the control module 200 also
includes a determining unit 230. The determining unit
230 compares a value indexed by the indexing unit 210
to a predetermined threshold value to determine whether
the biosignal is to be processed. For example, the deter-
mining unit 230 determines that filtering for removing the
motion artifact is necessary when the indexed value ex-
ceeds the predetermined threshold value. In addition, the
determining unit 230 determines to omit the filtering when
it is determined that the indexed value does not exceed
the predetermined threshold value and a motion artifact
to be removed is absent. Accordingly, when a motion
artifact to be removed is absent, the filtering is omitted
and power consumption is reduced.
[0057] In this example, the control module 200 also
includes a generating unit 250. The generating unit 250
generates a control signal for operating the signal
processing module 170 based on a result of the deter-
mining performed by the determining unit 230.
[0058] FIG. 3 illustrates another example of an appa-
ratus 300 for measuring a biosignal. Referring to FIG. 3,
the measuring apparatus 300 includes a measuring mod-
ule 310, a sensing module 330, a control module 350, a
signal processing module 370, and an obtaining module
390.
[0059] The measuring module 310 measures a biosig-
nal of a subject including a motion artifact occurring in
an interface when the biosignal is measured. The sensing
module 330 senses a motion of the subject using an in-
ertial sensor such as an accelerometer, a gyroscope, or
the like. For example, to determine an artifact degree
using the accelerometer, the sensing module 330 uses
the magnitude of acceleration in all directions or axes,
and extracts and uses information on a direction perpen-
dicular to the subject. The sensing module 330 provides
information related to the sensed motion of the subject
to the control module 350.
[0060] The control module 350 generates a control sig-
nal for controlling the processing of the motion artifact.
In an example, the control module 350 generates a first
control signal based on the artifact degree received from
the sensing module 330. A configuration and an opera-
tion of the control module 350 will be described in detail
with reference to FIG. 4.
[0061] The signal processing module 370 processes
the motion artifact included in the biosignal of the subject
based on the first control signal generated by the control
module 350. In this example, the signal processing mod-
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ule 370 processes the motion artifact using a replication
signal obtained by the obtaining module 390. The de-
scription provided with reference to FIG. 1 may be re-
ferred to with respect to a method by which the signal
processing module 370 may process the motion artifact
using the replication signal.
[0062] The obtaining module 390 is operated based
on a second control signal that is generated by the control
module 350 based on an artifact degree. In order to re-
duce a power consumption of the obtaining module 390,
the measuring apparatus 300 controls the operation of
the obtaining module 390. The obtaining module 390 may
be signaled to operate only when the artifact degree of
the motion artifact, based on the motion of the subject,
is relatively high.
[0063] FIG. 4 illustrates an example of a control module
400 of the measuring apparatus 300 of FIG. 3. Referring
to FIG. 4, the control module 400 includes an indexing
unit 410, a determining unit 430, a first generating unit
450, and a second generating unit 470.
[0064] The indexing unit 410 indexes an artifact degree
of a motion artifact based on a motion of a subject. The
indexing unit 410 indexes the artifact degree based on
the magnitude of average acceleration for a predeter-
mined time period or a root mean square (rms) magnitude
of the average acceleration according to the motion of
the subject.
[0065] In this example, the control module also in-
cludes a determining unit 430. The determining unit 430
determines whether the motion artifact is to be processed
based on the artifact degree relating to the motion of the
subject. The determining unit 430 compares the indexed
value, which represents the artifact degree, to a prede-
termined threshold value to determine whether the bi-
osignal is to be processed.
[0066] In this example, the control module also in-
cludes a first generating unit 450. The first generating
unit 450 generates a first control signal for controlling the
signal processing module 370 based on a result of the
determining performed by the determining unit 430. In
addition, the second generating unit 470 generates a sec-
ond control signal for operating the obtaining module 390
based on the result of the determining performed by the
determining unit 430.
[0067] FIG. 5 illustrates an example of a method of
measuring a biosignal.
[0068] Referring to FIG. 5, in operation 510, a meas-
uring apparatus measures a biosignal of a subject includ-
ing the undesired motion artifact occurring in an interface
when the biosignal is measured.
[0069] In operation 520, the measuring apparatus ob-
tains a replication signal corresponding to the motion ar-
tifact. For example, the measuring apparatus may meas-
ure a change in impedance between electrodes meas-
uring the biosignal or measure a change in a half cell
potential to obtain the replication signal. The measuring
apparatus generates a control signal for processing the
biosignal based on an artifact degree obtained in oper-

ation 520.
[0070] In operation 530, the measuring apparatus de-
termines whether the biosignal is to be processed based
on the artifact degree. In operation 540, the measuring
apparatus generates the control signal based on a result
of the determining in operation 530.
[0071] In this example, the measuring apparatus proc-
esses the motion artifact included in the biosignal of the
subject based on the control signal generated in opera-
tion 540. The measuring apparatus may perform filtering
for reducing the motion artifact included in the biosignal
of the subject.
[0072] In operation 550, the measuring apparatus de-
termines whether the control signal allows processing of
the biosignal. If processing is allowed, the measuring ap-
paratus filters the motion artifact using the replication sig-
nal and outputs a result of the filtering in operation 560.
[0073] On the other hand, if processing is disallowed,
the measuring apparatus omits the signal processing for
removing the motion artifact from the biosignal of the sub-
ject in operation 570.
[0074] FIG. 6 illustrates an example of an operation of
generating a control signal in a method of measuring a
biosignal.
[0075] Referring to FIG. 6, in operation 610, a control
module of a measuring apparatus indexes an artifact de-
gree of a motion artifact based on a replication signal.
The control module compares the indexed value to a pre-
determined threshold value, In operations 620. the con-
trol module determines whether the indexed value, that
represents the artifact degree, is greater than the prede-
termined threshold value.
[0076] When it is determined that the indexed artifact
degree is greater than the predetermined threshold, the
control module determines to process the biosignal in
operation 630, and generates a control signal for
processing of the biosignal in operation 640. On the other
hand, when it is determined that the indexed artifact de-
gree of the motion artifact is less than or equal to the
predetermined threshold value, the control module de-
termines to omit processing of the biosignal in operation
650, and generates a control signal for omitting the
processing of the biosignal in operation 660.
[0077] The method of measuring the biosignal de-
scribed with reference to FIGS. 5 and 6 may consist of
operations to be processed chronologically by the meas-
uring apparatus of FIGS. 1 and 2. Accordingly, the de-
scription provided with reference to FIGS. 1 and 2 may
be applied to the method described with reference to
FIGS. 5 and 6.
[0078] FIG. 7 illustrates another example of a method
of measuring a biosignal.
[0079] Referring to FIG. 7, a measuring apparatus may
measure a biosignal of a subject including the undesired
motion artifact occurring in an interface when the biosig-
nal is measured. In operation 710, the measuring appa-
ratus senses a motion of the subject using an inertial
sensor such as an accelerometer, a gyroscope, or the

9 10 



EP 2 724 666 A1

7

5

10

15

20

25

30

35

40

45

50

55

like. In operation 710, the measuring of the biosignal of
the subject and the sensing of the motion of the subject
may be performed simultaneously or may be performed
sequentially.
[0080] In this example, the measuring apparatus gen-
erates a control signal for processing the biosignal based
on the artifact degree relating to the sensed motion of
the subject. In operation 720, the measuring apparatus
determines whether the biosignal is to be processed
based on the artifact degree. In operation 730, the meas-
uring apparatus generates a first control signal based on
a result of the determining performed in operation 720.
[0081] In an example, the measuring apparatus gen-
erates the control signal based on an indexed artifact
degree. The measuring apparatus indexes the artifact
degree of the motion artifact based on the sensed motion
of the subject. For example, the measuring apparatus
indexes the artifact degree based on a agnitude of an
average acceleration during a predetermined time peri-
od. The measuring apparatus compares the indexed val-
ue to a predetermined threshold value to determine
whether the biosignal is to be processed. For example,
when the indexed value is greater than the predeter-
mined threshold value, the measuring apparatus may de-
termine to perform filtering for removing the motion arti-
fact. The measuring apparatus generates a control signal
for processing the biosignal based on a result of the de-
termining as to whether the biosignal is to be processed.
[0082] In operation 740, the measuring apparatus gen-
erates a second control signal for obtaining a replication
signal corresponding to the motion artifact based on a
result of the determining performed in operation 720. This
may be performed after generating the first control signal
or simultaneously. In operation 750, the measuring ap-
paratus obtains the replication signal based on the sec-
ond control signal generated in operation 740. In opera-
tion 760, the measuring apparatus processes the motion
artifact included in the biosignal of the subject, using the
replication signal, based on the control signal generated
in operation 730.
[0083] The method of measuring the biosignal de-
scribed with reference to FIG. 7 may consist of operations
to be processed chronologically by the measuring appa-
ratus of FIGS. 3 and 4. Accordingly, the description pro-
vided with reference to FIGS. 3 and 4 may be applied to
the method described with reference to FIG. 7.
[0084] The measuring modules, obtaining modules,
control modules, signal processing modules, and sens-
ing modules described above may be implemented using
one or more hardware components, or a combination of
one or more hardware components and one or more soft-
ware components. A hardware component may be, for
example, a physical device that physically performs one
or more operations, but is not limited thereto. Examples
of hardware components include controllers, micro-
phones, amplifiers, low-pass filters, highpass filters,
band-pass filters, analog-to-digital converters, digital-to-
analog converters, and processing devices.

[0085] A processing device may be implemented using
one or more general-purpose or special-purpose com-
puters, such as, for example, a processor, a controller
and an arithmetic logic unit, a digital signal processor, a
microcomputer, a field-programmable array, a program-
mable logic unit, a microprocessor, or any other device
capable of running software or executing instructions.
The processing device may run an operating system
(OS), and may run one or more software applications
that operate under the OS. The processing device may
access, store, manipulate, process, and create data
when running the software or executing the instructions.
For simplicity, the singular term "processing device" may
be used in the description, but one of ordinary skill in the
art will appreciate that a processing device may include
multiple processing elements and multiple types of
processing elements. For example, a processing device
may include one or more processors, or one or more
processors and one or more controllers. In addition, dif-
ferent processing configurations are possible, such as
parallel processors or multi-core processors.
[0086] Software or instructions for controlling a
processing device, such as those described in FIGS. 5-7,
to implement a software component may include a com-
puter program, a piece of code, an instruction, or some
combination thereof, for independently or collectively in-
structing or configuring the processing device to perform
one or more desired operations. The software or instruc-
tions may include machine code that may be directly ex-
ecuted by the processing device, such as machine code
produced by a compiler, and/or higher-level code that
may be executed by the processing device using an in-
terpreter. The software or instructions and any associat-
ed data, data files, and data structures may be embodied
permanently or temporarily in any type of machine, com-
ponent, physical or virtual equipment, computer storage
medium or device, or a propagated signal wave capable
of providing instructions or data to or being interpreted
by the processing device. The software or instructions
and any associated data, data files, and data structures
also may be distributed over network-coupled computer
systems so that the software or instructions and any as-
sociated data, data files, and data structures are stored
and executed in a distributed fashion.
[0087] For example, the software or instructions and
any associated data, data files, and data structures may
be recorded, stored, or fixed in one or more non-transitory
computer-readable storage media. A non-transitory com-
puter-readable storage medium may be any data storage
device that is capable of storing the software or instruc-
tions and any associated data, data files, and data struc-
tures so that they can be read by a computer system or
processing device. Examples of a non-transitory compu-
ter-readable storage medium include read-only memory
(ROM), random-access memory (RAM), flash memory,
CD-ROMs, CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-
ROMs, DVD-Rs, DVD+Rs, DVD-RWs, DVD+RWs, DVD-
RAMs, BD-ROMs, BD-Rs, BD-R LTHs, BD-REs, mag-
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netic tapes, floppy disks, magnetooptical data storage
devices, optical data storage devices, hard disks, solid-
state disks, or any other non-transitory computer-reada-
ble storage medium known to one of ordinary skill in the
art.
[0088] Functional programs, codes, and code seg-
ments for implementing the examples disclosed herein
can be easily constructed by a programmer skilled in the
art to which the examples pertain based on the drawings
and their corresponding descriptions as provided herein.
[0089] While this disclosure includes specific exam-
ples, it will be apparent to one of ordinary skill in the art
that various changes in form and details may be made
in these examples without departing from the scope of
the claims and their equivalents. The examples de-
scribed herein are to be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects in each example are to be considered
as being applicable to similar features or aspects in other
examples. Suitable results may be achieved if the de-
scribed techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner
and/or replaced or supplemented by other components
or their equivalents. Therefore, the scope of the disclo-
sure is not defined by the detailed description, but by the
claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be con-
strued as being included in the disclosure.
[0090] The invention provides the following further
twenty-five aspects counted from one:

The aspect of an apparatus for measuring a biosignal
that may include a motion artifact, the apparatus
comprising: a measuring module configured to
measure the biosignal; an obtaining module config-
ured to obtain a replication signal; and a control mod-
ule configured to generate a control signal, based
on the replication signal, for controlling processing
of the biosignal.

[0091] The apparatus according to the first aspect,
wherein the obtaining module is further configured to
measure a change in impedance between electrodes
used by the measuring module in measuring the bio sig-
nal, or a change in a half cell potential to obtain the rep-
lication signal, and the replication signal is similar to the
motion artifact.
[0092] The apparatus according to the first aspect,
wherein the control module is further configured to de-
termine whether the biosignal is to be processed based
on a degree of the motion artifact relating to the replica-
tion signal and generate the control signal based on a
result of the determining.
[0093] The apparatus according to the first aspect,
wherein the control module comprises: an indexing unit
configured to index a value based on a degree of the
motion artifact relating to the replication signal; a deter-

mining unit configured to compare the indexed value to
a threshold value; and a generating unit configured to
generate the control signal based on a result of the de-
termining.
[0094] The apparatus according to the fourth aspect,
wherein the indexed value is a distribution of the replica-
tion signal, a root mean square of the replication signal,
or an average magnitude of the replication signal during
a time period.
[0095] The apparatus according to the first aspect, fur-
ther comprising a signal processing module configured
to process the biosignal based on the control signal by
filtering the biosignal for reducing the motion artifact.
[0096] The apparatus according to the first aspect, fur-
ther comprising a signal processing module configured
to process the biosignal by filtering the biosignal using
the replication signal, or not process the biosignal, based
on the control signal.
[0097] The aspect of an apparatus for measuring a bi-
osignal that may include a motion artifact, the apparatus
comprising: a measuring module configured to measure
the biosignal; a sensing module configured to sense a
motion of the subject; and a control module configured
to generate a control signal, based on the sensed motion,
for controlling processing of the biosignal.
[0098] The apparatus according to the eight aspect,
wherein: the sensing module uses an inertial sensor for
sensing the motion; the apparatus further comprises a
signal processing module configured to process the bi-
osignal based on the control signal; and the control mod-
ule comprises: a determining unit configured to deter-
mine whether the biosignal is to be processed based on
a degree of the motion artifact relating to the sensed mo-
tion; and a generating unit configured to generate the
control signal based on a result of the determining.
[0099] The apparatus according to the ninth aspect,
wherein: the control signal is a first control signal; the
generating unit is a first generating unit; the apparatus
further comprises an obtaining module configured to ob-
tain a replication signal that is similar to the motion arti-
fact; and the control module further comprises a second
generating unit configured to generate a second control
signal, based on a result of the determining, for operating
the obtaining module.
[0100] The apparatus according to the ninth aspect,
wherein: the control module further comprises an index-
ing unit configured to index a value based on the degree
of the motion artifact; and the determining unit is config-
ured to compare the indexed value to a threshold value
to determine whether the motion artifact is to be proc-
essed.
[0101] The apparatus according to the eleventh as-
pect, wherein the indexed value is a magnitude or a root
mean square of an average acceleration of the sensed
motion during a time period.
[0102] The aspect of a method of measuring a biosig-
nal that may include a motion artifact, the method com-
prising: measuring the biosignal; obtaining a replication
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signal; and generating a control signal, based on the rep-
lication signal, for controlling processing of the biosignal.
[0103] The method according to the thirteenth aspect,
wherein the obtaining comprises measuring a change in
impedance between electrodes used by the measuring
module in measuring the bio signal, or a change in a half
cell potential to obtain the replication signal, and the rep-
lication signal is similar to the motion artifact.
[0104] The method according to the thirteenth aspect,
wherein the generating comprises: determining whether
the biosignal is to be processed based on a degree of
the motion artifact relating to the replication signal; and
generating the control signal based on a result of the
determining.
[0105] The method according to the thirteenth aspect,
wherein the generating further comprises: indexing a val-
ue based on a degree of the motion artifact relating to
the replication signal; comparing the indexed value to a
threshold value; and generating the control signal based
on a result of the determining.
[0106] The method according to the sixteenth aspect,
wherein the indexed value is a distribution of the replica-
tion signal, a root mean square of the replication signal,
or an average magnitude of the replication signal during
a time period.
[0107] The method according to the thirteenth aspect,
further comprising processing the biosignal based on the
control signal by filtering the biosignal for reducing the
motion artifact.
[0108] The method according to the thirteenth aspect,
further comprising: processing the biosignal by filtering
the biosignal using the replication signal, or not process-
ing the biosignal, based on the control signal.
[0109] The aspect of a method of measuring a biosig-
nal that may include a motion artifact, the method com-
prising: measuring the biosignal; sensing a motion of the
subject; and generating a control signal, based on the
sensed motion, for controlling processing of the biosig-
nal.
[0110] The method according to the twentieth aspect,
wherein: the sensing module uses an inertial sensor for
sensing the motion; the method further comprises
processing the biosignal based on the control signal; and
the generating comprises: determining whether the bi-
osignal is to be processed based on a degree of the mo-
tion artifact relating to the sensed motion; and generating
the control signal for controlling processing of the biosig-
nal based on a result of the determining.
[0111] The method according to the twenty-first as-
pect, wherein: the control signal is a first control signal;
and the method further comprises obtaining a replication
signal that is similar to the motion artifact, and generating
a second control signal, based on a result of the deter-
mining, for obtaining the replication signal.
[0112] The method according to the twenty-first as-
pect, wherein: the generating further comprises indexing
a value based on the degree of the motion artifact; and
the determining comprises comparing the indexed value

to a threshold value to determine whether the motion
artifact is to be processed.
[0113] The method according to the twenty-third as-
pect, wherein the indexing comprises indexing a magni-
tude or a root mean square of an average acceleration
according to the sensed motion during a time period.
[0114] The aspect of a non-transitory computer-read-
able storage medium storing a program for controlling a
computer to execute the method according to the thir-
teenth aspect.

Claims

1. An apparatus for measuring a biosignal of a subject
that may include a motion artifact, the apparatus
comprising:

a measuring module configured to measure the
biosignal;
an obtaining module configured to obtain a rep-
lication signal corresponding to the motion arti-
fact; and
a control module configured to generate a first
control signal for controlling processing of the
biosignal.

2. The apparatus of claim 1, further comprising a signal
processing module configured to process or not
process the biosignal by filtering the biosignal using
the replication signal, based on the first control sig-
nal.

3. The apparatus of claim 1 or 2, wherein the obtaining
module is further configured to measure a change
in impedance between electrodes used by the meas-
uring module in measuring the biosignal or a change
in a half cell potential to obtain the replication signal.

4. The apparatus of one of claims 1 to 3, further com-
prising a sensing module, in particular a sensing
module using an inertial sensor, configured to sense
a motion of the subject.

5. The apparatus of one of claims 1 to 4, wherein the
control module is further configured to determine
whether the biosignal is to be processed based on
a degree of the motion artifact relating to the repli-
cation signal or to the sensed motion of the subject
and to generate the first control signal based on a
result of the determining.

6. The apparatus of claim 5, wherein the control module
comprises:

an indexing unit configured to index a value
based on the degree of the motion artifact relat-
ing to the replication signal or to the sensed mo-
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tion of the subject;
a determining unit configured to compare the
indexed value to a threshold value; and
a first generating unit configured to generate the
first control signal based on a result of the com-
parison.

7. The apparatus of claim 6, wherein the indexed value
is a distribution, a root mean square, or an average
magnitude of the replication signal during a prede-
termined time period or the indexed value is a mag-
nitude or a root mean square of an average accel-
eration of the sensed motion during a predetermined
time period.

8. The apparatus of one of claims 5 to 7, wherein:

the control module is configured to determine
whether the biosignal is to be processed based
on a degree of the motion artifact relating to the
sensed motion of the subject and further com-
prises a second generating unit configured to
generate a second control signal, based on the
result of the determining, for operating the ob-
taining module.

9. A method of measuring a biosignal of a subject that
may include a motion artifact, the method compris-
ing:

measuring the biosignal;
obtaining a replication signal corresponding to
the motion artifact; and
generating a first control signal for controlling
processing of the biosignal.

10. The method of claim 9, further comprising:

processing or not processing the biosignal by
filtering the biosignal using the replication signal
based on the first control signal.

11. The method of claim 9 or 10, wherein the obtaining
comprises measuring a change in impedance be-
tween electrodes used in measuring the biosignal or
a change in a half cell potential to obtain the replica-
tion signal.

12. The method of one of claims 9 to 11, further com-
prising:

sensing a motion of the subject, in particular by
using an inertial sensor.

13. The method of one of claims 9 to 12, wherein the
generating comprises:

determining whether the biosignal is to be proc-

essed based on a degree of the motion artifact
relating to the replication signal or to the sensed
motion of the subject; and
generating the first control signal based on a re-
sult of the determining.

14. The method of claim 13, wherein:

the generating further comprisesindexing a val-
ue based on a degree of the motion artifact re-
lating to the replication signal or to the sensed
motion of the subject; and
the determining comprises comparing the in-
dexed value to a threshold value to determine
whether the biosignal is to be processed.

15. The method of claim 14, wherein the indexed value
is a distribution, a root mean square, or an average
magnitude of the replication signal during a prede-
termined time period or the indexed value is a mag-
nitude or a root mean square of an average accel-
eration of the sensed motion during a predetermined
time period.

16. The method of one of claims 13 to 15, wherein:

it is determined whether the biosignal is to be
processed based on a degree of the motion ar-
tifact relating to the sensed motion of the subject;
and
wherein the replication signal is obtained based
on a second control signal, which is generated
based on the result of the determining.

17. A non-transitory computer-readable storage medi-
um storing a program for controlling a computer to
execute the method of one of claims 9 to 16.
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